Objective: To investigate the relationship between aerobic fitness and cognitive variability in preadolescent children. Method: Forty-eight preadolescent children (25 males, 23 females, mean age ϭ 10.1 years) were grouped into higher-and lower-fit groups according to their performance on a test of aerobic capacity (VO 2max ). Cognitive function was measured via behavioral responses to a modified flanker task. The distribution in reaction time was calculated within each participant to assess intraindividual variability of performance. Specifically, the standard deviation and coefficient variation of reaction time were used to represent cognitive variability. Results: Preadolescent children, regardless of fitness, exhibited longer reaction time, increased response variability, and decreased response accuracy to incongruent compared to congruent trials. Further, higher-fit children were less variable in their response time and more accurate in their responses across conditions of the flanker task, while no group differences were observed for response speed. Conclusion: These findings suggest that fitness is associated with better cognitive performance during a task that varies cognitive control demands, and extends this area of research to suggest that intraindividual variability may be a useful measure to examine the relationship between fitness and cognition during preadolescence.
Recent trends in school policy have minimized opportunities for physical activity (e.g., physical education, recess) from the school day to provide additional classroom time on formal academic topics (Thomas, 2004) . Nearly half of American youth 12-21 years of age are not vigorously active on a regular basis, with available data indicating that physical activity declines dramatically during adolescence (USDHHS, 1996) , and thus may be insufficient to derive the necessary health benefits (Andersen et al., 2006) . Strong and colleagues (2005) conducted a systematic review of the child physical activity and health literature and argued that physically inactive school-age youths may be more likely than their physically active counterparts to develop chronic disease risk factors, though others have argued that this relationship may not be as direct as it appears (see de Geus & de Moor, 2008 for review). Regardless, researchers have indicated that childhood activity behaviors often continue through the life span (Janz, Dawson, & Mahoney, 2000) , potentially influencing the probability of ill health in later life. Accordingly, overwhelming evidence has emerged to suggest that physical inactivity during childhood is related to decreased health and function across the life span.
In addition to decreases in physical health related to sedentary behaviors, a burgeoning relationship between physical inactivity and decreased cognitive and brain health has emerged in recent years. Meta-analyses have indicated that physical activity has a small, but positive association with perceptual, cognitive, and motor performance (Etnier et al., 1997) , and that this relationship may be stronger for school-age children (Sibley & Etnier, 2003) . In adult populations this association appears to be disproportionately larger for tasks or task components that require extensive amounts of cognitive control (Colcombe & Kramer, 2003; Kramer, Colcombe, McAuley, Scalf, & Erickson, 2005; Kramer et al., 1999) . Cognitive control describes a subset of goal directed, self regulatory cognitive operations involved in the selection, scheduling, and coordination of computational processes that support perception, memory, and action (Meyer & Kieras, 1997; Norman & Shallice, 1986) . Cognitive control is dependent upon the functional maturation of a network involving the frontal brain regions and in particular the prefrontal cortex (Adleman et al., 2002; Casey, Galvan, & Hare, 2005; Corbetta, Miezin, Dobmeyer, Shulman, & Petersen, 1991; Dempster, 1992; Diamond, 1988; Fuster, 1984 Fuster, , 1997 Fassbender et al., 2004; Goldman-Rakic, 1988; Levin et al., 1991; Posner & Raichle, 1994; Rubia et al., 2000 Rubia et al., , 2006 Rubia, Smith, Taylor, & Brammer, 2007; Tamm, Menon, & Reiss, 2002) .
Experimental evidence has suggested that chronic participation in aerobic activity benefits cognition during preadolescent childhood (Buck, Hillman, & Castelli, 2008; Hinkle, Tuckman & Sampson, 1993; Tuckman & Hinkle, 1986; see Hillman, Erickson, & Kramer, 2008 for review) . Specifically, Hillman, Castelli, and Buck (2005) found that higher-fit preadolescent children (mean age ϭ 9.6 years) exhibited shorter reaction time (RT) during performance of a visual discrimination task. However, less evidence exists for the relationship of fitness to RT in children during tasks requiring variable amounts of cognitive control. One such task that has been extensively used to assess cognitive control is the Eriksen flanker task (Eriksen & Eriksen, 1974) , which requires interference control (i.e., one aspect of cognitive control) and has been linked to the ability to inhibit task-irrelevant information in the stimulus environment. Accordingly, this task manipulates the amount of inhibition required to successfully navigate task demands. Using this task, Hillman, Buck, Themanson, Pontifex, and Castelli (2009) examined the relationship between aerobic fitness and cognitive development and found no RT differences as a function of fitness; however, higher-fit children did perform more accurately overall relative to their lower-fit peers. Further support for the relation of fitness to task performance indices of cognitive control stems from adult populations performing flanker paradigms, with shorter RT and greater accuracy consistently observed in more physically active individuals (Hillman et al., 2006; Kramer et al., 1999) .
With maturation, preadolescent children continue to increase the speed and efficiency of cognitive control processes, resulting in shorter RT and increased response accuracy (Mezzacappa, 2004; Ridderinkhof, van der Molen, Band, & Bashore, 1997; Rueda et al., 2004) . Specifically, longitudinal research has observed greater performance on specific aspects of cognitive task (i.e., sustain attention) during maturation, with fewer omission errors and shorter RT occurring between 8 -13 years in school-age children (Rebok et al., 1997) . Further, interference control matures around 8 years of age, resulting in diminished differences in RT and response accuracy from 8 years old through adulthood (Ridderinkhof & van der Molen, 1995; Ridderinkhof et al., 1997; Rueda et al., 2004) .
However, previous studies have suggested that preadolescent children exhibit greater impulsivity than adults, with less modulation of their RT (Davidson, Amso, Anderson, & Diamond, 2006) . Thus, the lack of consensus in RT findings across preadolescent fitness levels (Hillman et al., 2009) might imply that RT is not the best measure to assess the relation of fitness to cognition during preadolescent development. Rather, response accuracy may be a more informative measure when manipulated via task difficulty, providing for a greater range of successful performance within this population.
Accordingly, one means of modulating task difficulty is through the manipulation of stimulus-response compatibility, in addition to the standard manipulation of target-flanker congruency. Such a manipulation would modulate both inhibition and flexibility requirements for successful task performance (Friedman, Nessler, Cycowicz, & Horton, 2009 ). Thus, the additional stimulus-response compatibility manipulation allows for additional investigation of cognitive control processes across multiple levels of conflict, and may better inform the relation of fitness to this aspect of cognition. To date, however, only a single study has examined the relation of fitness to cognitive control processes in preadolescent children across multiple levels of conflict (Pontifex et al., in press ). Findings from this investigation revealed decreased response accuracy for lower-, relative to higher-, fit participants with a selectively larger deficit for the incompatible stimulus-response condition, which requires the greatest amount of cognitive control. With this in mind, the present study sought to extend these findings (Pontifex et al., in press) by examining whether fitness relates to the variability of response execution. That is, beyond the examination of mean performance, measuring the variability of responding provides another means by which to assess cognitive function, with increased intraindividual variability (IIV) related to agerelated cognitive decline, schizophrenia, neurodegenerative disorders, and traumatic brain injury (Mirsky, Pascualvaca, Duncan, & French, 1999; see MacDonald, Nyberg, & Bäckman, 2006 for review) . With the specific relation on transient changes in behavior, IIV has been distinguished from more enduring change such as learning or development (MacDonald et al., 2006) .
In particular, intraindividual standard deviation (SD; Hilborn, Strauss, Hultsch, & Hunter, 2009; Strauss, MacDonald, Hunter, Moll, & Hultsch, 2002; Williams, Hultsch, Strauss, Hunter, & Tannock, 2005) and intraindividual coefficient of variation 1 (CV; Rabbitt, Osman, Moore, & Stollery, 2001; Strauss et al., 2002; Stuss, Murphy, Malcolm, & Alexander, 2003) in RT have both been used to assess inconsistencies of responding, and have been applied to the study of mental health and neurological disease. Previous investigations have revealed higher levels of variability in RT for children with attentiondeficit/hyperactivity (Douglas, 1999; Leth-Steensen, Elbaz, & Douglas, 2000) , individuals with mild dementia (Hultsch, Macdonald, Hunter, Levy-Bencheton, & Strauss, 2000; Strauss et al., 2002) and during nondiseased aging, relative to healthy controls. Greater variability of performance is also observed for task conditions demanding increased amounts of cognitive control (Shammi, Bosman, & Stuss, 1998; Li & Lindenberger, 1999; West, Murphy, Armilio, Craik, & Stuss, 2002) . Taken together, these studies of IIV provided unique predictive information related to cognitive functioning independent of mean-level performance (see MacDonald, Li, & Bäckman, 2009 for review).
However, relative to mean performance (e.g., mean RT), IIV is a relatively recent measure that has been used to study a number of cognitive constructs and thus should be interpreted with caution. That is, MacDonald et al. (2006) has indicated that research on the origins of IIV remains sparse. However, greater IIV has been associated with cognitive processes supported by frontal circuits such as lapses in attentions (Bunce, War, & Cochrance, 1993) and failures in maintaining cognitive control (West et al., 2002) . Further, a growing body of literature suggests a close relationship between the frontal lobes and regions typically involved in motor control (such as the anterior cingulated cortex and striatum) and IIV (Cohen et al., 2010; Murtha et al., 2002; Stuss et al., 2003) .
Relative to development, IIV on performance on cognitive control tasks decreases throughout childhood and adolescence (Li et al., 2004; Williams et al., 2005) . For example, Williams and colleagues (2005) reported a rapid decrease in RT variability from age six through young adulthood, with a second study indicating that children ages 5 to 8 years exhibited greater variability in RT than young adults aged 16 to 19 years during a cognitive task requiring interference control (Williams, Strauss, Hultsch, & Hunter, 2007) . Accordingly, given the relationship between maturation and behavioral indices of IIV, RT variability may be an important measure in understanding how fitness relates to the maturation of cognitive control processes.
However, the relationship between RT variability and fitness remains unclear. Thus far, only one study has examined the influence of physical activity on cognitive variability in sedentary older adults (Samson et al., 2008) . Specifically, 72 active and sedentary young and older adults reported their physical activity behaviors and performed a modified flanker task over five consecutive days of testing. Results indicated that sedentary older adults were more variable within each session across conditions of the flanker task relative to the active adults. Further, sedentary individuals were more variable across testing sessions during the incongruent condition, requiring the greatest amount of cognitive control. Despite these findings, no research to date has examined this relationship in preadolescent children. Thus, the present study aimed to investigate the relation of fitness to RT variability in preadolescent children using a task that modulated cognitive control requirements. Based on (a) previous data demonstrating a positive relationship between fitness and mean RT indices of cognition (Hillman et al., 2005) ; (b) previous investigations demonstrating a link between aging and other neurological conditions and increased IIV in cognitive functioning (Douglas, 1999; Hultsch, et al., 2000; Leth-Steensen et al., 2000; Strauss et al., 2002) ; and (c) the link between maturation and decreased IIV, it was expected that lowerfit children would exhibit longer RT and greater variability in intraindividual RT CV.
Method Participants
Forty-eight preadolescent children (8 -11 years, 23 female) from the East-Central Illinois region were recruited via flyers and placed into higher (VO 2max scores above the 70th percentile) or lower (VO 2max scores below the 30th percentile) fitness groups, based on age-specific norms (Shvartz & Reibold, 1990) . Participants' cardiorespiratory fitness was defined based on the volume of oxygen consumed during maximum capacity (VO 2max ) exercise. Table 1 lists demographic and fitness information for the sample. Parents reported that none of the children received special education services related to mental or physical disabilities. All participants and their legal guardians provided written informed assent/consent in accordance with the Institution Review Board at the University of Illinois.
Participant Characteristics
Data were collected on several factors that have been found to relate with either physical activity participation or cognitive function. Specifically, the Kaufman Brief Intelligence Test (K-BIT; Kaufman & Kaufman, 1990 ) was administered by a trained experimenter to obtain a composite IQ scores using measures of crystallized (vocabulary) and fluid (analogies) thinking. In addition, guardians completed a health history questionnaire, the ADHD Rating Scale IV (DuPaul, Power, Anastopoulos, & Reid, 1998) , and reported that their child was free of adverse health conditions, neurologic disorder, attentional disorders, and physical disabilities. Guardians also indicated that their child did not take any medications that influenced central nervous system function and had normal (or corrected to normal) vision. Further, socioeconomic status (SES) was measured by creating a trichotomous index based on three variables: participation in free or reduced-price lunch program at school, the highest level of education obtained by the mother and father, and the number of parents who worked full-time (Birnbaum et al., 2002) . Lastly, participants reported pubertal status via the Tanner Staging Scales (Taylor et al., 2001 ).
Cardiorespiratory Fitness Assessment
Maximal oxygen consumption (VO 2max ) was measured using a computerized indirect calorimetry system (ParvoMedics True Max Note. Tanner-scores indicate that pubertal status was at or below a score of 2 (prepubescent) on the 5-point scale from the Tanner Staging System (Taylor et al., 2001) . SES scores reflect a trichotomous index based on participation in free or reduced-price lunch program at school, the highest level of education obtained by the mother and father, and the number of parents who worked full-time (Birnbaum et al., 2002) . ADHD ϭ scores on the Attention Deficit Hyperactivity Disorder Rating Scale IV. VO 2max ϭ maximum oxygen consumption; VO 2max percentile ϭ scores reflect normative values, based on age and sex for VO 2max (Shvartz and Reibold, 1990 , 2006) . Specifically, following a warm-up period, a motor-driven treadmill was set to a constant speed during the test, while grade increments of 2.5% occurred every 2 minutes until volitional exhaustion (i.e., the point where participants indicate that they cannot exercise any longer). A Polar heart rate (HR) monitor (Polar WearLinkϩ 31, Polar Electro, Finland) was used to measure HR. In addition, ratings of perceived exertion (RPE) were measured every 2 minutes using the children's OMNI scale (Utter, Roberson, Nieman, & Kang, 2002) . The children's OMNI scale for RPE uses a numerical scale from 0 to 10, with each number associated with a pictograph to represent perceived physical effort. Relative peak oxygen consumption was expressed in ml/kg/min and was based upon maximal effort as evidenced by 1) a plateau in oxygen consumption corresponding to an increase of less than 2 ml/kg/min despite an increase in workload; 2) a peak heart rate 185 bpm (ACSM, 2006) or a heart rate plateau (Freedson & Goodman, 1993) ; 3) RER 1.0 (Bar-Or, 1983); and/or 4) ratings on the children's OMNI scale of perceived exertion 8 (Utter et al., 2002) .
Cognitive Task
Participants completed a modified Eriksen flanker task (Eriksen & Eriksen, 1974) , which required them to respond as quickly and accurately as possible to the direction of a centrally presented target arrow, which was flanked by an array of congruous (e.g., Ͻ ϽϽ ϽϾ or Ͼ ϾϾ ϾϽ) or incongruous (e.g., Ͻ ϽϾϽ Ͻ or Ͼ ϾϽϾ Ͼ) arrows (Hillman et al., 2006; Pontifex & Hillman, 2007) . Following completion of the stimulus-response compatible condition (described above), participants completed a stimulus-response incompatible condition. In the incompatible flanker condition, participants were presented with similar congruous and incongruous flanker arrays but were instructed to respond as quickly and accurately as possible in the direction opposite that of the centrally presented target arrow (Friedman et al., 2009; Pontifex et al., in press ). This task manipulates task difficulty through the modulation of multiple levels of perceptual and response conflict. Each compatibility condition consisted of two blocks of 100 trials with equiprobable congruency and directionality. The stimuli were comprised of 3 cm tall white arrows that were presented focally on a computer screen with a black background for 200 ms. A fixed interstimulus interval of 1700 ms was used. For all analyses, individual trials with RTs shorter than 200 ms or longer than 1650 ms were excluded from the data sets.
Laboratory Procedure Day 1. Upon arrival to the laboratory, the informed assent and informed consent was completed by participants and their legal guardians, respectively. Next, upon the completion of the questionnaires described above, participants' legal guardians also completed the Physical Activity Readiness Questionnaire (PAR-Q; Thomas, Reading, & Shephard, 1992) , which is a necessary screening tool to ensure safety of the participants prior to exercise.
Prior to the cardiorespiratory fitness assessment, participants were fitted with a Polar HR monitor and had their height and weight measured using a stadiometer and a Tanita BWB-600 digital scale. Following a brief warm-up period, participants exercised at an increasing workload until volitional exhaustion. Upon completion of the cardiorespiratory fitness assessment, participants were given a cool down period and remained in the laboratory until their HR returned to within 10 bpm of their resting HR. Participants with VO 2max scores falling above the 70th percentile or below the 30th percentile (Shvartz & Reibold, 1990) were recruited to participate in the second day of testing.
Day 2. Upon arrival to the laboratory, participants were seated in a sound attenuated testing chamber and given the task instructions prior to each task condition. Forty practice trials were provided and participants' performance was checked before the initiation of testing. When all task conditions were completed, participants were briefed on the purpose of the experiment, and received $10/hour for their participation.
Statistical Analysis
Task performance including (1) mean RT; (2) intraindividual SD of RT; (3) intraindividual CV of RT (i.e., SD/mean); and (4) response accuracy were submitted to separate 2 (fitness: higher-fit, lower-fit) ϫ 2 (compatibility: compatible, incompatible) ϫ 2 (congruency: congruent, incongruent) multivariate repeated measures ANOVAs. Post hoc comparisons were conducted using Bonferroni corrected t tests. The family wise alpha level for all tests was set at p ϭ .05 prior to Bonferroni corrections.
Results
Higher-fit participants did not differ significantly from lower-fit participants on any of the demographic variables, t's(1, 46) Յ .62, p Ն .54, with the exception of fitness level including both VO 2max scores, t(1, 46) ϭ 12.2, p Ͻ .001, and VO 2max percentile, t(1, 46) ϭ 54.8, p Ͻ .001 (see Table 1 ).
Mean of RT
Analyses indicated a main effect of Congruency with longer RT observed for incongruent (572.5 Ϯ 18.3 ms) relative to congruent (524.0 Ϯ 15.8 ms) trials, F(1, 46) ϭ 49.2, p Ͻ .001, 2 ϭ .52 (see Figure 1a ). This effect was superseded by a Compatibility ϫ Congruency interaction, F(1, 46) ϭ 17. 2, p ϭ .001, 2 ϭ .27. Decomposition of the Compatibility ϫ Congruency interaction revealed longer RT for incongruent relative to congruent trails for the compatible condition, t(1, 47) ϭ 8.3, p Ͻ .001, and the incompatible condition, t(1, 47) ϭ 3.8, p ϭ .001, (see Table 2 
Intraindividual SD of RT
Analyses revealed significant effects of Congruency, F(1, 46) ϭ 10.9, p ϭ .002, 2 ϭ .19, indicating that congruent (143.8 Ϯ 6.9 ms) trials exhibited smaller SD of RT than incongruent (155.6 Ϯ 7.1 ms) trials (see Figure 1b) . Further, a main effect of Fitness was observed, F(1, 46) ϭ 4.7, p ϭ .04, 2 ϭ .09, with smaller SD of RT found for higher-fit (135.0 Ϯ 9.6 ms) relative to lower-fit (164.4 Ϯ 9.6 ms) participants (see Figure 1b) . 
Intraindividual CV of RT
Analyses indicated a Fitness effect, F(1, 46) ϭ 12.0, p ϭ .001, 2 ϭ .21, with larger CV of RT for lower-fit (.30 Ϯ .01 ms) relative to higher-fit (.25 Ϯ .01 ms) participants (see Figure 1c) . No effects of Congruency or Compatibility were observed, F's(1, 46) Յ 2.2, p Ն .14, nor did Fitness interact with any variable, F's(1, 46) Յ .32, p Ն .57, 2 Յ .01.
Response Accuracy
Analyses revealed a Congruency effect, F(1, 46) ϭ 74.3, p Ͻ .001, 2 ϭ .62, with greater response accuracy for congruent (84.3 Ϯ 1.2%) relative to incongruent (75.8 Ϯ 1.7%) trials (see Figure 1 . Mean RT (a), SD of RT (b), CV of RT (c), and mean response accuracy (d; ϩ1 SE) for higher-and lower-fit participants collapsed across compatibility and congruency (left), for congruent and incongruent trials of the flanker task collapsed across compatibility and fitness (middle), and for compatible and incompatible conditions collapsed across congruency and fitness (right). Figure 1d ). This effect was superseded by a Compatibility ϫ Congruency interaction, F(1, 46) ϭ 19.2, p Ͻ .001, 2 ϭ .29, with post hoc tests indicating greater accuracy for incongruent relative to congruent trails for compatible, t(1, 47) ϭ 8.1, p Ͻ .001, and incompatible conditions, t(1, 47) ϭ 5.5, p Ͻ .001, (see Table 2 ). Further, a Fitness effect was observed, F(1, 46) ϭ 12.5, p ϭ .001, 2 ϭ .21, with greater response accuracy for higher-fit (84.8 Ϯ 1.9%) relative to lower-fit (75.2 Ϯ 1.9%) participants (see Figure 1d ). No effect of Compatibility was observed, F(1, 40) ϭ 1.61, p ϭ .21, nor did Fitness interact with any variable, F's(1, 40) Յ 3.56, p Ն .07, 2 Յ .08. Given that the results revealed the relation of fitness to response accuracy and IIV, additional Pearson product-moment correlations were to further examine this relationship. For this analysis, accuracy and IIV variables were collapsed across Compatibility and Congruency. Results indicated that response accuracy was negatively correlated with SD of RT (r ϭ Ϫ.61, p Ͻ .001) and CV of RT (r ϭ Ϫ.68, p Ͻ .001), indicating that higher accuracy was related to decreased IIV. In addition, VO 2max scores were positively correlated with response accuracy (r ϭ .44, p ϭ .002), negatively correlated with SD of RT (r ϭ Ϫ.40, p ϭ .005), and negatively correlated with CV of RT (r ϭ Ϫ.48, p ϭ .001). Similarly, VO 2max percentile was positively correlated with response accuracy (r ϭ .46, p ϭ .001), and negatively correlated with SD of RT (r ϭ Ϫ.32, p ϭ .03), and CV of RT (r ϭ Ϫ.46, p ϭ .001).
Discussion
The findings reported herein indicate that higher aerobic fitness was related to more accurate and less variable cognitive performance in preadolescent children using a task that required variable amounts of interference control, one aspect of cognitive control. Specifically, higher-and lower-fit children exhibited the expected increase in mean RT and decrease in response accuracy to incongruent compared to congruent trials. We found interesting that the SD of RT further reflected the expected congruency effect with increased response variability during incongruent, as compared to congruent, trials. However, when fitness was considered, higher-fit children exhibited lower SD of RT, lower CV of RT, and higher response accuracy compared to lower-fit children regardless of task condition, suggesting that fitness may be related to overall performance and consistency in performance during tasks requiring variable amounts of cognitive control. Further, correlational analyses supported the relation of fitness to response accuracy and IIV; a relationship that was not observed for mean RT. Taken together, IIV might be a robust index to examine the relationship between fitness and cognitive function in children independent of mean-level performance.
Replicating previous research (Mezzacappa, 2004; Ridderinkhof & van der Molen, 1995; Hillman et al., 2009) , preadolescent children, regardless of fitness level, exhibited shorter RT and increased response accuracy on congruent relative to incongruent trials across compatibility conditions, suggesting that task conditions requiring greater amounts of interference control are associated with decrements in task performance. In addition to the robust findings for mean RT, performance variability measures (SD of RT) replicate the findings of West et al. (2002) who observed increased RT variability during task conditions requiring the increased recruitment of cognitive control relative to less demanding task conditions across the life span.
The current study also replicates previous investigations demonstrating a beneficial relation between fitness and cognitive control in preadolescent children (Hillman et al., 2009) . Specifically, the findings indicated increased response accuracy for higher-fit children across task conditions, compared to lower-fit children, with no fitness-related differences observed for mean RT. Taken together, these findings suggest that in a preadolescent population, fitness may be associated with general improvements in cognition during tasks requiring variable amounts of cognitive control.
Novel to the present investigation was the assessment of measures of IIV in preadolescent children, which showed increased RT variability, as demonstrated by a fitness effect for the SD of RT, with lower-fit participants exhibiting greater variability. Further, greater variability was observed for lower-fit participants as measured by the intraindividual RT CV, in which each individual's SD of RT was divided by his or her own mean score to account for mean-level group differences. Consistent with the findings of Samson et al. (2008) , which reported that sedentary older adults were more variable than their active peers, the present data suggests that higher fitness levels may relate to increased response accuracy and more response stability in preadolescent children. Accordingly, given the relationship between response variability and normal development in childhood (Williams et al., 2005) , higher amounts of fitness may relate to enhanced neural maturation, with systematic changes in brain morphology, gray matter density, and synaptic alterations resulting in improved neural efficiency and decrease noise in cognitive functioning (Gogtay et al., 2004) . There are a number of mechanisms that have been identified, which may account for the observed fitness-related differences in response variability. For instance, human and nonhuman animal research has indicated that aerobic exercise can facilitate a variety of aspects of cognitive function (see Hillman et al., 2008 for review) . Specifically, MRI studies in humans have found that higher levels of fitness and fitness improvements resulting from aerobic exercise training were associated with larger volumes of prefrontal and temporal gray matter (Colcombe et al., 2004 (Colcombe et al., , 2006 as well as anterior white matter (Gordon et al., 2008; Mark et al., 2007) volumes. Further, studies of neural lesions in frontal gray and white matter, which share a robust association with increased IIV, lend support for our current findings (see MacDonald et al., 2009 for review) . Given that the reported decreases in IIV during development (Williams et al., 2005) have been linked to systematic changes in brain morphology, particularly in the frontal cortex (Gogtay et al., 2004) , it is likely that fitness may play a role in mediating alterations in frontal gray and white matter, resulting in decreased IIV. In addition to the changes observed in frontal gray and white matter in human studies, nonhuman animal research has linked exercise training with structural changes in basal ganglia. For example, Aguiar, Speck, Prediger, Kapczinski, and Pinho (2008) found that exercise training in mice contributed to increases in the production and secretion of striatal brain-derived neurotrophic factor (BDNF), and Marques et al. (2008) observed increases in striatal dopamine. Most recently, Chaddock et al. ( in press) used a flanker task to investigate the relationship between aerobic fitness and dorsal and ventral striatal volumes in preadolescent children and suggested that greater aerobic fitness was related to greater dorsal striatal volumes. Taken together, findings across species have suggested that higher fitness is associated with enhanced cognitive control and may account for the observed fitness-related differences in response variability.
In sum, these findings suggest that higher preadolescent aerobic fitness is related to decreased response variability during cognitive control processes. Further, fitness was associated with better response accuracy, whereas no differences were observed for response speed. It is important to note, however, a number of limitations to the current study. First, the cross-sectional design yields the possibility that the observed fitness-related differences, could have resulted from some other (or combination of other) factors. However, this possibility was minimized by the collection of other demographic variables (e.g., IQ, SES) that have been related to fitness or cognition, but does not exclude the possibility that a selection bias may have occurred. Accordingly, randomized control interventions are needed to establish a causal relationship between fitness and response variability in children. The current dataset, however, extends this area of research by suggesting that IIV might be a useful task performance measure to examine the relationship between fitness and the maturation of cognitive function during preadolescence. Such findings add support for the beneficial relation of fitness to cognitive and brain health and function, and may have implications for scholastic performance.
